Introduction
============

Total knee Arthroplasty (TKA) has been known to be significantly effective for patients with knee osteoarthritis and 95% of the prostheses last at least 15 years[@b1-ksrr-29-104],[@b2-ksrr-29-104]. According to the latest worldwide joint registries, Sibanda et al.[@b3-ksrr-29-104] reported that revision rates dropped due to the use of advanced implant designs, sophisticated surgical techniques and measures for infection prevention. However, due to the greater need for primary TKA, the incidence of revision TKA has also increased[@b3-ksrr-29-104]. Hence, it is of high importance to assess postoperative outcomes of revision TKA.

Revision TKAs are performed early (within 2 to 5 years after primary surgery) in 60%--80% of the cases to extend the longevity of prostheses and achieve better clinical outcomes[@b4-ksrr-29-104]. However, revision TKA is indispensable in most cases: patients who undergo primary TKA eventually need revision TKA due to wear of machinery, aseptic loosening, infection, instability, malalignment and periprosthetic fractures[@b2-ksrr-29-104]. Unfortunately, due to the difficulty of handling bone loss and soft tissue insufficiency during the unavoidable procedure, its outcomes are not as desirable as those of primary arthroplasty[@b5-ksrr-29-104]--[@b9-ksrr-29-104]. Few studies have addressed postoperative complications of revision TKA and limited local data are available on revision TKA. The object of this study was to evaluate the causes and outcomes of revision TKA in a single institution with a minimum 2-year follow-up.

Materials and Methods
=====================

This study was approved by the Institutional Review Board of our hospital. There was an increase in the incidence of revision TKA at our institution from 2003 to 2012. So, we retrospectively reviewed 225 cases (225 patients) of revision TKA performed by the same surgeon using both femoral and tibial prostheses at our institution from 2003 to 2012. Of the total 225 patients, 206 were included in this study excluding 19 patients who had been lost to follow-up. Clinical and radiological outcomes of revision TKA were assessed in these 206 patients. Their mean age at the time of revision surgery was 68.8±7.4 years (range, 51 to 79 years). The mean interval from primary TKA to revision TKA was 73.0±6.2 months (range, 59 to 81 months) and the follow-up duration was 66.0±4.2 months (range, 57 to 73 months).

Septic complications that necessitate revision TKA were diagnosed based on the criteria used to define infection. Patients presenting with infectious symptoms such as pain, swelling and burning sensation of the knee joint were evaluated for infection based on the following 4 criteria: 1) positive bacterial culture of the specimen from the first-stage procedure or more than 5 polymorphonuclear neutrophils per field; 2) a white blood cell count (WBC) of ≥15,000 cells/mm^3^ with hypersegmented neutrophils ≥90%; 3) an erythrocyte sedimentation rate (ESR) of ≥70--80 mm/hr or a C-reactive protein (CRP) level of 10.0 mg/dL; and 4) presence of draining fistulas[@b10-ksrr-29-104]. If any of the above 4 criteria were satisfied, infection was diagnosed.

In the septic complication group, two-stage reimplantation was performed using mobile antibiotic impregnated cement spacers ([Fig. 1](#f1-ksrr-29-104){ref-type="fig"}). If an infection was diagnosed, implant removal and debridement were thoroughly performed in the operating room. The kind of antibiotics used for the cement spacer in the first stage procedure was decided as those sensitive to cultured organisms. In the cases with negative culture results, 2 g of vancomycin was mixed with 40 g bone cement containing 1 g erythromycin. In the cases with suspected fungal infection, 50 mg of amphotericin was added. The cement spacer was created using each package of bone cement for the tibial area and femoral area. If the preoperative culture was positive, sensitive antibiotics were intravenously injected; if negative, 1 g of first generation cephalosporins was administered. The antibiotics were changed according to the intraoperative culture and then intravenous administration was continued for 6 weeks. The second-stage reimplantation was planned when systemic symptoms accompanying knee pain, burning sensation, open wounds and fistulas disappeared and laboratory findings such as WBC, ESR, and CRP were normal in more than two consecutive assessments performed with an interval of 1 month. The final revision procedure was performed if 1) less than 5 polymorphonuclear leukocytes were observed in the intraoperative frozen section biopsy of specimens taken from more than 3 areas with a magnification of ×400 and 2) there was no gross evidence in intraoperative findings. In cases with 5--10 polymorphonuclear leukocytes, revision was determined if infection was considered resolved based on the assessment of clinical symptoms, postoperative condition, laboratory findings, and intraoperative naked-eye inspection.

We defined instability as abnormal and excessive displacement of the reticular elements that leads to clinical failure of the arthroplasty and one of the most common causes of aseptic failure following TKA[@b11-ksrr-29-104]. All revision prostheses used in this study were the semi-constrained type, including Nexgen LCCK (Zimmer, Warsaw, IN, USA) in 155 knees and Triathlon (Stryker Orthopaedics, Mahwah, NJ, USA) in 51 knees. LCCK was used in 65 patients in the aseptic complication group and in 90 patients in the septic complication group whereas the Triathlon system was used in 21 patients in the aseptic complication group and in 30 patients in the septic complication group. We used a cementing technique for all implants. In revision TKA of the septic complication group, we used a full cementing technique using susceptible antibiotics whereas in the aseptic complication group, we used a partial cementing technique using susceptible antibiotics.

Postoperatively, continuous passive motion was initiated from the 1st postoperative day. Active motion exercises and quadriceps femoris strengthening exercises were started from the 2nd postoperative day. Once normal quadriceps femoris strength was achieved, indicating restoration of strength similar to that of the opposite leg, partial weight bearing with crutch assistance was initiated. In periprosthetic fracture cases, weigh bearing ambulation was not permitted until radiographic evidence of union was achieved. The patients were instructed to continue with the rehabilitation program after hospital discharge and asked for regular follow-ups at 3, 6, 9, and 12 months after surgery and once a year thereafter.

Clinical and radiographic assessments were performed in all patients preoperatively and at the final follow-up. The clinical outcomes were evaluated based on the range of motion (ROM), Hospital for Special Surgery (HSS) score, Knee Society (KS) score and Western Ontario and McMaster Universities Index (WOMAC) score. For the radiologic evaluation, radiolucency around the femur and tibia was assessed on the anteroposterior and lateral radiographs.

1. Statistical Analysis
-----------------------

According to normality test, intergroup comparisons were made using parametric Student *t*-test and the nonparametric Mann-Whitney *U*-test. Statistical analysis was done using IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). A p-value of 0.05 or less was considered to be statistically significant.

Results
=======

There was an increase in the occurrence of revision TKA from 2003 to 2012. There were 34 males and 172 females in this study and all patients had primary TKA at our institution. Septic complications occurred in 120 patients (58.2%) and aseptic complications in 86 patients (41.8%) after primary TKA ([Table 1](#t1-ksrr-29-104){ref-type="table"}). The incidence of septic complications increased more rapidly than the aseptic ones ([Fig. 2](#f2-ksrr-29-104){ref-type="fig"}). Among these 206 revision TKA patients, 7 patients underwent re-revision surgery; 6 patients had reinfection; and 1 patient had a periprosthetic fracture.

The main pathogens of infection were *Staphylococcus aureus* (25.7%), *Staphylococcus epidermidis* (13.3%), and *Streptococcus* (13.3%). No organisms were found in 23 patients (25.7%) ([Table 2](#t2-ksrr-29-104){ref-type="table"}). The two-stage revision protocol was applied to all patients with periprosthetic infection.

Regarding the aseptic complications, there were periprosthetic fractures in 36 (41.9%), aseptic loosening in 25 (29.1%), polyethylene wear in 13 (15.1%), instability in 9 (10.5%), recurrent dislocation in 2 (2.3%) and malalignment in 1 (1.1%) ([Table 3](#t3-ksrr-29-104){ref-type="table"}). All patients who underwent re-revision were included in the aseptic complication group. When evaluating cases with periprosthetic fractures, it was found that aseptic loosening had occurred ahead in most cases and such cases were classified as aseptic loosening when symptoms of pain or instability were observed before fracture. On the other hand, if there were no symptoms of pain or instability, they were diagnosed as periprosthetic fractures. In 13 cases with mechanical wear, component failure was categorized as mechanical wear but malalignment was not. There were 9 cases of instability without dislocation history leading to revision knee arthroplasty.

The average preoperative ROM for patients was 86.3° (65.2° in septic cases and 99.9° in aseptic cases, p=0.004), which increased to 111.4° (101.7° in septic cases and 117.8° in aseptic cases, p= 0.008) at the last follow-up, showing a statistically significant improvement (p\<0.001) ([Table 4](#t4-ksrr-29-104){ref-type="table"}).

The preoperative KS score was 44.4 on average, which increased to 82.6 at the last follow-up, showing a statistically significant improvement (p\<0.001). The difference between septic cases and aseptic cases was statistically significant postoperatively (p=0.017) ([Table 5](#t5-ksrr-29-104){ref-type="table"}).

The HSS score demonstrated great improvement as well: preoperatively, the mean score was 52.5, which increased to 82.5 at the last follow-up (p\<0.001). A significant difference was seen between the two groups at the last follow-up (p=0.039) ([Table 5](#t5-ksrr-29-104){ref-type="table"}).

The WOMAC score showed statistically significant improvement: the preoperative score was 60.8 on average, which decreased to 23.7 at the last follow-up (p\<0.001). There was also significant difference postoperatively between septic cases and aseptic cases (p=0.005) ([Table 5](#t5-ksrr-29-104){ref-type="table"}).

On comparison of clinical outcomes according to the prosthesis used, there was no statistically significant difference.

1. Complications
----------------

Seven patients underwent re-revision TKA using LCCK in 2 years after revision TKA. Six of them had reinfection and 1 had a periprosthetic fracture at a mean of 24.0±2.2 months after revision TKA. One knee was revised at 11 months after revision TKA for femoral shaft periprosthetic fracture. The patient was a 70-year-old woman with osteoporosis. The remaining 6 patients underwent implant removal and cement spacer insertion operation because of reinfection of the operated knee caused by the same previous pathogen, *Staphylococcus aureus*.

Discussion
==========

Though TKA is known to be a highly effective procedure, revision TKA is a major challenge for surgeons and patients. Among surgeons, revision TKA has been associated with technical difficulty requiring a longer operation time and better management of blood loss than primary TKA[@b7-ksrr-29-104]. For patients, it increases the risk of having other medical complications. Unfortunately, about 6% of those who undergo TKA need revision in 5 years[@b4-ksrr-29-104]. Even with continuous developments in surgical techniques and implant models, revision rates keep rising[@b6-ksrr-29-104]. Furthermore, the rates will increase more drastically as primary TKA rates will increase in the future[@b3-ksrr-29-104].

As shown in this study, septic complications mostly contributed to the increased revision rate. Development in surgical techniques may be related to the lower incidence of aseptic complications. In contrast, septic complications requiring a revision TKA continued to rise. This may be attributable to several factors. First, we cannot ignore the patient factors such as diabetes mellitus, smoking, malnutrition, and old age that should be managed strictly. Second, as the rate of aseptic complications decreases due to the development of implants, the rate of septic complications seems to increase relatively. Therefore, with the demand for primary TKA increasing, we need to pay more attention to infection that occur after primary TKA and patient factors by strictly controlling postoperative glucose levels, prohibiting smoking and shower before suture removal and managing diabetes mellitus and life style.

Regarding the failure of revision TKA, a significant number of patients (13 out of 19) had re-revision TKA due to reinfection. This is another indication that infection is a more critical complication than aseptic complications. Though there have been developments in antibiotics and knowledge of infection control, deeper understanding and more research on periprosthetic infection are necessary.

According to previous studies, the outcomes of revision TKA including the postoperative ROM may not be as successful in patients with infection as those in patients without infection[@b12-ksrr-29-104]--[@b18-ksrr-29-104]. However, it has been recently proposed that using impregnated cement spacers to replenish for bone loss and soft tissue fibrosis could result in comparably successful outcomes in revision TKA for infection[@b18-ksrr-29-104],[@b19-ksrr-29-104]. Wang et al.[@b20-ksrr-29-104] reported that while the non-infection revision TKA group obtained higher knee scores and greater ROM, the infection revision TKA group obtained the same function scores and patient satisfaction. Besides, according to Patil et al.[@b21-ksrr-29-104], the infected group had even higher scores on Short Form 36 score, a quality of life index, and knee score. In the current study, the clinical outcomes based on the HSS score, KS score and WOMAC score were more satisfying in the aseptic complication group at statistically significant levels (p\<0.05). The pre- and postoperative ROMs were notably greater in the aseptic complication group (p\<0.05). We attributed these results to the fact that the ROM before the primary procedure was limited in the septic complication group, continuous operations resulted in more soft tissue and skin damage and the ROM was restricted due to the use of antibiotic impregnated cement spacers in the two-stage reimplantation.

Fehring et al.[@b8-ksrr-29-104] analyzed the causes of revision in 279 patients: 105 patients (38%) underwent revision for infection, 74 patients (27%) for instability, 37 patients (13%) for failure of ingrowth into porous components, 22 patients (8%) for patellofemoral complications, 21 patients (7%) for mechanical wear or osteolysis, 8 patients (3%) for aseptic loosening and 12 patients for miscellaneous problems. Sharkey et al.[@b9-ksrr-29-104] reported a review on 212 revision knee arthroplasties. Among the reasons for revision, there were polyethylene wear (25%), aseptic loosening (24.1%), instability (21.2%), infection (17.5%), arthrofibrosis (14.6%), malalignment (11.8%), extensor mechanism deficiency (6.6%), avascular necrosis of the patella (4.2%) periprosthetic fracture (2.8%) and isolated patella resurfacing (0.9%).

There are some limitations to this study. First, the reviewed revision TKA data were from a single institution. In addition, the incidence of septic complications requiring revision TKA was high compared to that in other studies[@b8-ksrr-29-104],[@b9-ksrr-29-104], which may be associated with the relatively worse clinical data in the study.

Second, the wide range of follow-up period was another limitation. In patients with a short-term follow-up, the possibility of having complications that can occur in the long term, such as osteolysis and loosening, was overlooked. The results could be affected by prosthesis problems and clinical results do not represent the whole outcomes of revision TKA.

Third, we did not include radiological outcomes in the analysis considering that the use of different implants between the groups could hurt the accuracy of comparison.

Conclusions
===========

In conclusion, due to development of implants and surgical techniques, mechanical complications such as aseptic loosening and instability that need revision decreased; however, septic complications that require revision TKA relatively increased. Therefore, we should be cautious for the occurrence of infection after TKA. Overall, revision TKA showed clinical improvement in terms of knee function and patient satisfaction.
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###### 

Demographic Data of Revision Total Knee Arthroplasty (TKA) Patients

  Variable                        No.
  ------------------------------- ----------
  Gender                          
   Male                           34
   Female                         172
  Age (yr)                        68.8±7.4
  Causes of primary TKA           
   Osteoarthritis                 193
   Rheumatoid arthritis           12
   Charcot neuropathy             1
  Causes of revision TKA          
   Septic                         120
   Aseptic                        86
  Interval of revision TKA (yr)   73.0±6.2

###### 

Causative Organisms for Revision Total Knee Arthroplasty

  Pathogen                       No. of knees (%)
  ------------------------------ ------------------
  *Staphylococcus aureus*        29 (24)
  *Staphylococcus epidermidis*   15 (13)
  *Escherichia coli*             11 (9)
  *Mycobacterium tuberculosis*   12 (10)
  *Streptococcus*                15 (13)
  *Staphylococcus hominis*       4 (3)
  *Enterococcus*                 1 (1)
  *Enterobacter aerogenes*       4 (3)
  No organisms found             29 (24)
  Total                          120 (100)

###### 

Aseptic Complications Requiring Revision Total Knee Arthroplasty

  Complication              No. of knees (%)
  ------------------------- ------------------
  Periprosthetic fracture   36 (41.9)
  Aseptic loosening         25 (29.1)
  Polyethylene wear         13 (15.1)
  Instability               9 (10.5)
  Recurrent dislocation     2 (2.3)
  Malalignment              1 (1.1)
  Total                     86 (100)

###### 

Range of Motion

  Variable            Septic group   Aseptic group   Total        p-value[a)](#tfn1-ksrr-29-104){ref-type="table-fn"}
  ------------------- -------------- --------------- ------------ -----------------------------------------------------
  Preoperative (°)    65.2±42.0      99.9±38.0       86.3±48.0    0.004
  Postoperative (°)   101.7±17.2     117.8±20.9      111.4±18.9   0.008

Statistically significant (p\<0.05).

###### 

Comparison of Pre- and Postoperative Clinical Scores

  Characteristic   Septic group   Aseptic group   Total       p-value[a)](#tfn3-ksrr-29-104){ref-type="table-fn"}
  ---------------- -------------- --------------- ----------- -----------------------------------------------------
  HSS score                                                   
   Preoperative    47.4±14.2      56.5±18.4       52.5±19.7   0.238
   Postoperative   79.2±9.8       85.5±10.2       82.5±13.2   0.039
  KS score                                                    
   Preoperative    44.1±17.9      44.6±14.9       44.4±16.7   0.885
   Postoperative   75.5±11.9      86.6±9.6        82.6±12.6   0.017
  WOMAC score                                                 
   Preoperative    60.8±13.5      60.9±14.1       60.8±14.0   0.468
   Postoperative   30.3±13.9      21.2±11.5       23.7±15.5   0.005

HSS: Hospital for Special Surgery, KS: Knee Society, WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

Statistically significant (p\<0.05).
